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INTRODUCTION

While the service sector in virtually all developed countries has grown immensely in relative terms, the manufacturing sector, and especially primary production, has shrunk. Even if some of this development can be ascribed to a change in the type of activities carried out within these main sectors—for example, many of the activities of manufacturing firms are actually services—there is no doubt that a real structural change has occurred. For example, knowledge-intensive industries are generally regarded as an engine of growth, and are often considered to be the main part of the manufacturing sector. Similarly, numerous publications have claimed that production is increasingly knowledge-based and dependent on research and development (R & D). 

Even so, in most countries the food and drinks industry continues to be a large part of the manufacturing sector, despite the fact that this industry is considered to be low tech and has low R & D intensities (Christensen, Rama, and von Tunzelmann, 1996; Eurostat and DG Enterprise, 2000). This is all the more surprising when it is considered that many of the firms in this industry are highly innovative (Eurostat and DG Enterprise, 2000), almost half the number of the firms in the European food and drinks industry can be regarded as innovators. In 1999 and 2001, Datamonitor, a market research institute, found that 1,579 new food products had been introduced in Germany. It found that new products have a very high turnover rate. Thus, between half and two-thirds of the products are taken off the shelves within a year from their introduction to the market. Products in this industry are therefore continuously being renewed and replaced. The picture is similar in the Danish food and drinks sector, which is the main focus of this chapter. Although the Danish economy is dominated by sectors with a relatively low level of R & D activities and incremental rather than radical innovations, firms in the food and drinks industry renew and develop new products continuously. According to a recent survey in Denmark (discussed further below) (Christensen, Drejer, and Vinding, 2004), firms in the food industry introduced more new products than any other manufacturing firms. For example, 26 percent of food industry firms introduced more than five new products in a two-year period, compared with 12 percent for the rest of manufacturing.

This chapter discusses the tensions between two aspects of the point mentioned above. On the one hand, the apparent limited knowledge input for innovation in the food and drinks industry, and, on the other, the fact that this industry is persistently innovative and continues to be important in terms of employment and revenue. The chapter examines the notion of a low-tech industry by discussing the knowledge bases and knowledge sourcing for product innovation in this industry, and it illustrates innovation activities in the Danish food and drinks industry and the context in which the innovation process is embedded.

In one sense, therefore, there is an apparent contradiction: if R & D intensities are low, how can firms in this industry be so innovative, relatively speaking? To understand this, the chapter analyzes the innovation systems, which enables us to determine whether low R & D intensities are compensated by intense diffusion of knowledge, and which can focus our attention on alternative knowledge sourcing mechanisms. In order to obtain a deeper understanding of this, discussions of national and sectoral innovation systems are supplemented with a regional perspective.

In many countries, the food and drinks industry constitutes a substantial part of the economy.  With a total production value of €626 billion, 3.6 million employees, and 258,000 firms (CIAA, 2003), it is the largest manufacturing industry in Europe, and compared with many other developed countries, the Danish economy is particularly dependent on the food and drinks industry, accounting for 18 percent of Danish employment, 23 percent of value added, and 19 percent of total exports in 2003 (Dansk Industri, 2004). According to Lagnevik et al. (2004), “in relative terms, Denmark exports about three times more agricultural and food products than any other country in the world” (p. 84). This makes it particularly interesting to get a better understanding of the dynamics of the Danish food and drinks sector.

The chapter is structured as follows: The next section explains the theoretical point of departure in more detail. This is followed by a discussion of the historical and institutional context of innovation in the Danish food and drinks sector. In section four, the analysis is expanded to include a regional perspective, which contributes to a deeper explanation of the functioning of the innovation system. Section five expands on the empirical analyses by first explaining the data sources used and then reporting on the results of the analyses. The final section concludes the chapter. 

THE SYSTEM PERSPECTIVE OF INNOVATION

Theoretical Basis and Level of Aggregation

In the innovation literature, the systemic approach to innovation has become widely popular as a conceptual framework for the study of technological change at different levels of analysis. The point of departure of the approach is that innovation is an interactive, institutionally embedded process where agents and organizations communicate, cooperate, and establish long-term relationships. The interaction between different types of agents is likely to expand the knowledge frontiers of society as a whole, and to enhance the knowledge base of the firms involved in such interaction. Thus, the interactive nature of innovation is at the core of arguments for the systemic character of innovation processes. The evolution of a national innovation system depends on knowledge diffusion, which is facilitated by interfirm collaboration. The learning effects of vertical relationships are likely to differ qualitatively from horizontal relationships, since such collaborations can stimulate knowledge diffusion in different ways. For example, Grunert et al. (1995) argue that vertical cooperation in the food industry stimulates innovation in three ways; downstream vertical cooperation can improve market intelligence; upstream cooperation can facilitate sourcing of knowledge and competencies; and communicational requirements can facilitate market responsiveness. In addition, these authors argue that vertical cooperation makes possible complex innovation processes. 

The systemic approach to innovation evolved from studies of national patterns in innovative activity. The subsequent introduction of the concept of national innovation systems (Freeman, 1987; Lundvall, 1988, 1992; Nelson, 1993) (overviews can be found in Freeman, 1995; Edquist, 2005) was followed by various types of the systemic approach to innovation, such as sectoral systems of innovation (Breschi and Malerba, 1997; Malerba, 2002), technological systems (Carlsson, 1997; Carlsson and Stankiewicz, 1995), and regional innovation systems (Cooke, Uranga, and Etxebarria, 1997; Braczyk, Cooke, and Heidenreich, 1998). In addition, the systemic approach to innovation has been widened to also include competence-building systems (Lundvall and Christensen, 2003). 

The choice of analytical perspective will naturally depend upon the aims of the analysis. On the one hand, it could be argued that internationalization has made the nation-state irrelevant as an appropriate level of aggregation for innovation studies. On the other hand, however, it could also be argued that a national perspective is relevant, since, for example, technology or industrial policy measures, appropriability systems for innovators, the financial markets, etc., have a national focus and are aimed at domestic rather than international or regional markets. Moreover, the paths for exploration are defined through a historical process of interplay between demand patterns and the domestic production structure, and the existing range and specialization of products produced in a country largely reflects this process. Even where efforts have been made to harmonize labor markets and increase the mobility of labor across borders, the rules and workings of labor markets remain largely national. And the fact that labor markets have a large impact on innovative activity (Lundvall, 2001) and limited cross-border mobility of the labor force is another argument for the effect of the nation-state on innovations. Although innovations increasingly have an international dimension, there are arguments for an analytical perspective focused on the national innovation system.​[1]​ This chapter tries to incorporate a national, regional, and sectoral perspective. 

Knowledge in Innovation Systems
It is evident from the discussion above that knowledge creation and diffusion is extremely important in a well-functioning innovation system, be it national, regional, or sectoral. Some of the knowledge that is valuable to innovations is produced in public laboratories, universities, and other parts of the education system. This knowledge infrastructure has become much more important in the past decade or so (Smith, 1997). Telecommunications systems, libraries, databases, and educational and vocational training system are important elements in this infrastructure. Such technological infrastructure enhances the innovative capacity of regions both through knowledge spillovers, which in the literature is argued to be spatially bounded (Adams, 2002; Jaffe, Trajtenberg, and Henderson, 1993), and by providing a flexible external source of knowledge for innovation (Feldman and Florida, 1994). 

Another feature of innovation today is the increased use of different knowledge bases. Christensen, Rama, and von Tunzelmann (1996) argue that one of the main characteristics of the food and drinks industry is that it uses and combines a great variety of technological impulses like information technology, biotechnology, and advanced materials. Some of the more advanced firms in this industry thus employ a range of scientific and technological procedures and integrate these through complex indigenous efforts.  Alfranca, Rama, and von Tunzelmann (2001, 2004) likewise show that the range of different scientific advances applied and the complementarity between different technological knowledge bases, especially biotechnology, chemicals, and drugs, are important prerequisites for innovation in agrifood multinationals. Because of this combination of technologies and knowledge, and because of the ever-increasing number of by-products spun off from the traditional, core activities of these firms, one could even talk about a convergence of industries as traditionally classified. 

Smith (2000) extends this to relate each area of activity within food processing (e.g., preparation of raw materials, processing, quality and nutrition, etc.) to technologies and knowledge areas. Generally, the knowledge areas of food processing can be categorized into food science, which includes chemistry, biology, and physics, and food technology, which includes biotechnology, electronics, instrumentation, and physics (p. 28). 


THE DANISH FOOD PRODUCT INNOVATION SYSTEM

This section deals with the historical development of the Danish food innovation system, the current R & D input for innovation in the sector, and the characteristics of innovation in the industry today.

The Evolution of the Danish Food Product Innovation System
In the 1870s, the Danish economy was based mainly on agriculture and fishing and was connected to the world economy almost entirely through exports of grain, primarily to the UK.  According to Andersen and Lundvall (1987), the food sector experienced a crisis in the latter part of the century, caused by increased competition from new grain producers (Russia and the United States).  In response to this challenge, Danish agriculture underwent a transformation in this period, from the overwhelming production of grain to pigs and cattle, and eventually more processed products, such as butter and bacon (by 1910, 90 percent of total exports were processed agricultural products). Although this structural transformation was spurred on by external factors, it was substantially supported and reinforced by internal reorganization of production. In 1882, the world’s first cooperative dairy was formed in Denmark (Lundvall, Olesen, and Aaen, 1984), and the following decades saw an explosion in the number of cooperatives. In 1888 alone, 248 cooperatives were formed in the dairy sector, reaching a peak of 1404 cooperative dairies in 1935 (ibid., p. 41). Since then, however, the number decreased rapidly, and by 1980 only about one-tenth remained. There were three main reasons for this development. First, the improved storage facilities of milk producers and better transportation of milk to the dairies meant that each dairy could cover a larger geographical area. Second, demand for higher quality products required investments in more expensive equipment. And third, larger-scale and more automated dairy equipment was developed, which improved the possibilities for investment in efficient process lines.  

The cooperative agro-industrial sector has been very successful in developing, producing, and marketing food products of a uniform, high standard.​[2]​ The vertical integration of the sector through cooperative ownership has contributed to the rapid diffusion of technologies and stimulation of knowledge flows between primary producers, processing companies, and related industries. Some of these knowledge flows, which disseminate easily through the backward linkages of vertical integration, have been the result of quality requirements from the markets. The rapid development of an infrastructure for ensuring quality control and a high, uniform quality of raw materials has contributed to the export success of many Danish products. 

Vertical integration is perhaps the most important difference between the structure of the Danish food industry and other countries’ food industry. Even today, 40 percent of the food industry is owned or controlled by producers of raw materials, and in some cases, like dairies and the meat industry, the share is even higher (85 percent) (Erhvervsfremme Styrelsen, 1993).

Obviously, the Danish food and drinks industry and the agricultural sector in general were previously relatively more important quantitatively. But even today food products make up a substantial share not only of domestic production and employment, as mentioned in the introduction, but also of exports. As figure 1 shows, meat, fish, and dairy products dominate food exports.


Exports make up an increasing share of total revenues, owing to lower  trade barriers and a greater willingness among consumers to buy food from other countries.







R & D Inputs to Innovation
It is clear from both the innovation literature in general and the literature on technological relatedness between sectors that innovation in the food industry consists of much more than the input of R & D. On the other hand, a convergence of industries owing to the increased use of several generic knowledge bases and the increase in by-products from, for example, food and drinks firms, underlines not only the use of upstream technologies but also, and related to this, the intramural upgrading of (cross-disciplinary) technological competencies in order to assimilate external knowledge (Alfranca, Rama, and von Tunzelmann, 2004; Cohen and Levinthal, 1989). While recognizing that innovation in food and drinks is dependent on many other factors than R & D, therefore, we nevertheless regard R & D inputs to innovation as important.

Table 10. 1 shows the number and share of R & D-performing Danish food and drinks firms, and how much is spent on R & D in the enterprise sector, compared with other manufacturing industries.



The table shows that although R & D intensities are generally low in the food and drinks industry, this does not mean that the industry carries out little R & D. On the contrary, the data shows that, measured by the number of R & D-performing firms, machinery and equipment and processing of basic metals have the most R & D-performing firms in Danish manufacturing. A group of three industries come second: electrical, medical, and optical equipment, wood and wood products, paper production, printing and publishing, and our focus industry food, beverages, and tobacco. The industry is therefore among those with the most R & D-performing firms in Denmark, dwarfing such industries as Office machines, computers, other electronic appliances, and information and telecommunications equipment. Even measured by expenditure, the food and drinks industry ranks fourth, together with Information and telecommunications equipment. 

This way of determining expenditure on R & D questions the traditional classification of industries into high or low tech, which is usually done by looking only at R & D intensities or the technical sophistication of the products. Given that knowledge is more easily disseminated horizontally, and that higher-order, industry-related institutions, such as sectoral research organizations, may be better at disseminating knowledge, it could be argued that the absolute R & D effort of an industry is a more relevant indicator of technical sophistication than relative measures.

In addition to intramural R & D, external R & D, for example, carried out in public or semipublic research and technology organizations or universities, is an important input to innovation, as emphasized by Smith (1999). Vedsman (2000) calculates the time, in man-years, needed to develop such knowledge in the Danish food industry. As shown in Table 10.2, approximately 3,032 man-years of research and development are allocated to food-related issues, of which nearly two-thirds focus on biotechnology, genetics, household animals, plants, fisheries, and organic farming. 


					
The General Characteristics of Food Innovation in Denmark
Current innovation activities within the Danish food innovation system is first discussed in quantitative terms, followed by more qualitative considerations.

Danish figures on product innovation are compared in a harmonized​[3]​ survey, involving five countries,​[4]​ of collaboration in product innovation in the manufacturing sector. The data were collected by a number of countries for an OECD project on National Innovation Systems. The definition of innovation employed includes both imitations, that is, products only new to the firm as innovations, and incremental changes. While there have been other surveys of innovation in this industry, quantitative surveys that include minor, incremental innovations are rare (Alfranca, Rama, von Tunzelmann, 2001; Grunert et al., 1995), despite the fact that numerous studies show that continuous, incremental innovations are dominant in this industry. 

Similarly, business development in the food and drinks industry largely depends on expanding the market for existing products, for example, by branding, more so than in many other industries. Therefore, innovation surveys are likely to show that this industry is less innovative, because most surveys, like the European Community Innovation Surveys, are designed to capture product and process innovations only. In fact, it could be argued that, in the food and drinks industry, while keeping products unchanged for a period of time and attempting to increase consumer loyalty by branding, and so on is important, it will affect the ranking of the industry in innovation surveys negatively (Braadland, 2000). Braadland also finds that complementarities between product and process innovations are much stronger in the food and drinks industry than in other industries. This may indicate that product innovations in the food and drinks industry are more likely to lead to new processes as well. Thus, even relatively less innovative activity in the industry, as measured by product innovation, may indicate that overall innovation is nonetheless higher.

A total of 3768 firms were interviewed in the above-mentioned survey, although not all of these firms had introduced product innovations. The interviews revealed that there were 2,040 product-innovating firms (54 percent), of which 249 firms (i.e., 12.2 percent) are classified as belonging to the food and beverages industry. Of the firms in the food and beverages industry, 52.8 percent are product innovators. The firms were then broken down by country and by whether they have a collaboration partner for product innovation. The final column in Table 10.3 shows whether the firms have at least one foreign collaboration partner.



Compared with the manufacturing sector in these countries as a whole, the results for the share of product-innovating firms in the food industry are remarkable, in that the food industry easily compares with other manufacturing industries. In three of the five countries, the share of innovating firms in the food and drinks industry is slightly larger than other manufacturing. In Norway and Spain, however, the share of innovating firms is considerably below that of other industries. Danish figures are marginally above the average for the selected countries as a whole. 

Generally, Danish firms are very collaborative. Nearly all the product-innovating firms collaborated on at least one of their innovation projects within a two-year period. Only in Austria are there substantial differences between the food industry and other manufacturing. As mentioned in section two, collaboration on innovation is very important to the knowledge distribution power of the innovation system. 

Knowledge can also be acquired by cross-border collaboration. The last column of the figure shows the share of firms with at least one international partner on product innovation. Except for Norway, the share of firms, which collaborate on product development with foreign partners, is roughly the same in the food industry and other manufacturing industries. Comparing the general levels shows that the relatively isolated geographical position of Australia is reflected in the frequencies. Again, Danish firms, especially in the food industry, also collaborate with international partners. This corresponds with the general perception of the Danish food industry as being highly and increasingly internationalized. Figure 10. 2 shows one indicator of this, the development in foreign direct investments. 




As Figure 10.2 shows, there has been a substantial increase in the internationalization of the Danish food industry, driven to a large extent by improvements in logistics, transportation, and communication technologies, which facilitate the establishment of branch offices and production facilities in foreign markets. Half of all Danish foreign direct investments are in the food and drinks industry. In spite of this, however, the industry has maintained domestic employment. 

Turning now to the character of innovation activities, while many of the innovation trends in the international food industry also apply to the Danish case, some specific Danish features can be identified. 

Based on interviews in seven medium-sized Danish food companies, Harmsen (1994) concludes that product development is predominantly incremental and short term. It is often initiated directly by customers, and, despite respondents’ opinion that continuous product development is important, is not formalized to any large extent and is given a low financial priority. Grunert and Traill (1997) generally support these conclusions. At the same time, the trend in both Danish and international food processing companies is to rely even more on scientific principles and different, often sophisticated, technological capabilities (Christensen, Rama, and von Tunzelmann, 1996; Alfranca, Rama, von Tunzelmann, 2004; and the discussion in the section above). Thus, both information and communication technologies and biotechnology and bioengineering are important sources of knowledge for the food industry today. The increased demand-orientation of innovation in food production, together with the range of different collaboration partners used for both inspiration and carrying through innovation processes (Rama and Alfranca, 2003; Christensen, Rama, and von Tunzelmann, 1996; Braadland, 2000; Grunert et al., 1995), challenge the traditional perception of the food industry as being predominantly supplier-dominated (Pavitt, 1984), and also challenge the appropriate target for policies. Thus, Christensen, Rama, and von Tunzelmann (1996) argue that policies have largely neglected the demand-side aspects.

There is therefore a tendency toward increased collaboration between different actors in the value chain in the food industry. In addition to consumer signals, suppliers of machinery and equipment seem very important. Braadland (2000) finds that half the number of all Norwegian food companies collaborated with at least one supplier of machinery. In Denmark too, this type of partner is frequently used for innovation purposes. In the survey mentioned above, the figure for Denmark was 38 percent. These figures probably even underestimate the use of this type of partner, because suppliers of machinery are often important to process innovation in the firms, which is not captured in the survey. Historically, many Danish firms in other manufacturing industries have coevolved with food production. Andersen and Lundvall (1987) show that, in 1975, four out of the top five engineering products in Denmark with the highest export specialization figures were related to the food industry (milking machinery and dairy equipment, agricultural machinery for cultivating and harvesting, food-processing machinery, agricultural machinery, and appliances not elsewhere stated). Other related industries include ingredients and additives, and firms in the storing, packaging and cooling industries. However, this is not to say that the industry is dependent on, or passively uses, technologies developed outside the industry. Today, it is much more a collaborative effort guided by market signals. 

Finally, structural and demand changes in the food industry today are also characterized by the increased globalization of retailing and expansion of the convenience market. While Christensen, Rama, and von Tunzelmann (1996) argue that consumption patterns tend to be sticky with regard to how food products are consumed (as opposed to what is consumed), it is fair to say that demand has changed toward high-quality food, more exotic foods, more elaborately prepared food, more simple food, and generally more value- added food products. It could also be argued that consumers today generally adopt new trends faster. This argues for a market-based product development strategy (Grunert et al., 1995; Christensen, Rama, and von Tunzelmann, 1996). 

A REGIONAL PERSPECTIVE

The Spatial Dimension of Innovation
According to much recent research, knowledge and technology diffusion is important to regional development. Despite the increased use of information and communications technologies, face-to-face contact is still important as regards innovation. More than other form of contact, face-to-face contact favors the intellectual, commercial, and financial exchanges on which innovation depends (Storper, 1992),  especially as regards the transfer of tacit knowledge. Proximity in several dimensions (geographical, cultural, historical, regulatory) facilitates learning, and makes spillovers and collaboration more likely, because close geographical proximity facilitates personal interaction, mutual understanding, cultural coherence, and the build-up of trust (Gertler, Wolfe, and Garkut, 2000; Storper 1992; Storper and Venables, 2003). Regions are therefore important in encouraging the contacts between actors in the innovation process. In some cases, specialized clusters of interacting firms have formed in specific fields within regions, as explained by Mytelka elsewhere in this volume.

It was argued above that the systemic character of innovation systems rests on knowledge diffusion, and that collaboration between food producers and other types of actors in the innovation system, such as research organizations and other knowledge infrastructure, is an important part of such diffusion. The historical account of the food innovation system showed that food and drinks firms coevolved  with primary production. From this, it seems that there are at least two important driving forces behind the development of the food innovation system—the impact of a developed knowledge infrastructure, and interaction with the primary production. There is no doubt that both processes are in play. Whether one or the other is stronger is likely to change over time, which makes it difficult to determine which is the primary driving force. Not withstanding , this is precisely what the following sections attempt to do. We start by focusing on a region in Denmark, North Jutland, where the knowledge infrastructure is argued to be weak, but where primary production is in close geographical proximity. Innovation activities in this region are then compared with those of the rest of Denmark.

The North Jutland Region 
The North Jutland region is characterized by a relatively large share of primary production, especially agricultural and other food products. For example, more than half the number of the fish products in Denmark come from this region, and one-fifth of all Danish food products are produced here. For Approximately 11 percent of Danish firms are located in the region. In spite of a general decrease in manufacturing employment, the region has experienced stable employment in the food sector for the past decade of around 11,900 people. Another feature of the region is that it has traditionally been characterized as peripheral, with one of the highest unemployment rates in Denmark, consistently around 2 percent above the national average. Even compared with other nonurban areas in Denmark (see Table 10.4 below), and in spite of a catching-up process over the past decade or so (Dalum, Kristensen, and Pedersen, 2002), it is clear that the region must still be characterized as peripheral and rural. 


		
Thus, Table 10.4 shows that even compared with other nonurban areas in Denmark, North Jutland is specialized in primary production such as agricultural products, fish, and raw materials. For the food industry as a whole, specialization figures for North Jutland are the highest in Denmark, and around 20 percent above those of the western part of Denmark, both measured by employment, value added, and exports (Jysk-Fynsk Erhvervssamarbejde, 2000). On the other hand, the region is underspecialized in finance and business services. With respect to educational level, the share of people with a university education is substantially lower in North Jutland than in Denmark as a whole. Conversely, there is a higher share of people with only primary education in North Jutland compared with the Danish average. It is also clear from the table that the R & D level in the region, weighted with North Jutland’s share of Danish firms, is lower, as is growth, the number of patents per 1,000 inhabitants, and the weighted share of Venture Capital investments in the region. It could also be added (not shown) that start-up rates are typically below country averages.

With regard to the knowledge infrastructure for food innovation, most research institutes are located outside the region. The most important research institutes for the food industry in Denmark include the Danish Institute of Agricultural Sciences, the Danish Meat Research Institute, the Danish Dairy Research Foundation, the Danish Institute for Biotechnology, the Danish Institute of Agricultural and Fisheries Economics, Danish Veterinary Laboratory, Research Center for Organic Farming, and Slaughterhouse Research Institute. With the exception of a small branch office, none of these are located in North Jutland. While some research relevant to the food industry is carried out at the regional university, and a few university-affiliated researchers dealing with the fishing industry are located in one of North Jutland’s fishing ports, food-industry-related R & D organizations are by and large absent from the region. 

In conclusion, the region clearly lags behind the rest of Denmark with respect to organized, formal knowledge infrastructure. In this sense, the innovation system is not very coherent. On the other hand, precisely the presence of primary production in the region may stimulate innovation processes, both within primary production and the related manufacturing industries linked to food processing and processing machinery. It was argued above that the geographical proximity of firms might stimulate innovation processes. Following this argument, we would expect innovation activities in North Jutland to exceed those of the rest of the country. It was also argued that vertical relationships and knowledge infrastructures are important for the coherence of innovation systems and innovation processes, as stimulation of innovation processes from the market. Given that North Jutland represents a relatively poor knowledge infrastructure, we could expect innovation activities in the region to be below those of the rest of Denmark. In the following empirical section we will give an approximation of a test showing which of these factors are the most powerful. As mentioned above, it is probably impossible to give a definitive answer to this question  owing to the many intertwining and immeasurable factors involved. 


INNOVATION IN NORTH JUTLAND AND THE DANISH FOOD INDUSTRY

This section gives a brief empirical account of innovation activities in food and drink firms in North Jutland and the rest of Denmark respectively. 

The primary data source is a recent survey on product innovation and knowledge sourcing for innovation, especially collaboration and investments in R & D, but also the internal upgrading of competencies. The survey, which was carried out in spring 2004, was targeted at manufacturing firms with a minimum of ten employees. Data was collected by telephone interview, each lasting an average of fifteen minutes. Almost one-third (1732/5395) of the total population of firms in this segment was interviewed. Redials was set at thirty-five and the response rate obtained was 73.2 percent, which is satisfactory. In addition to the random sample, which was representative of all Danish industries, size groups, and geography,​[5]​ all firms in North Jutland were contacted, a total of 331 firms from all manufacturing industries were interviewed. A 79 percent response rate was obtained. Therefore, although the number of observations in tables depicting North Jutland seems small, they actually represent the total of North Jutland firms. Table 10.5 shows the realized sample of interviewed food and drinks firms in the two regions.


As Table 10.5 shows, there is a small, insignificant difference between the regions. The North Jutland region seems to have more food producers than the remainder of Denmark, although this is not surprising given the specialization index shown above. 

A comparison of the food industry with other manufacturing (cf. table 10.6) reveals a similar picture to that of table 10.3: The food industry in Denmark has slightly more product-innovative firms than other manufacturing firms as a whole. 
 

The result both contradicts and confirms earlier findings. The level of innovative firms in the food industry corresponds to earlier findings (see, e.g., Christensen, Rama, and von Tunzelmann, 1996). Generally considered a “low-tech” industry, understood as an industry with low average R & D intensities, often associated with low levels of innovation, here, on the other hand, it is reversed.​[6]​ By broadening the definition of innovation slightly, the food industry now surpasses the rest of manufacturing in the share of innovative firms (see the discussion above on why the focus on new products in innovation surveys may negatively distort the ranking of the food and drinks industry in such surveys). 

A comparison between the North Jutland region and the rest of Denmark shows a clear difference (table 10.7), the share of innovative food and drinks firms in the former being less than half than the Rest of Denmark.



In addition, as expected there is a significant (p = 0.02) difference between the share of food and drinks firms carrying out R & D and the share of R & D performers in other manufacturing. Although these figures also indicate a big difference between North Jutland and the Rest of Denmark, the small absolute number of firms carrying out R & D means that this regional difference is not significant in a statistical sense (only p = 0.14).​[7]​

A special feature of the survey design is that noninnovative firms are also interviewed. Table 10.8 shows the share of firms that do not innovate and that claim to have no need to introduce new products. 


The results can be interpreted as showing that there are relatively more firms in North Jutland that want to innovate, but cannot. Apparently, there is some obstacle to their innovation process.  This may be related to the lack of knowledge infrastructure in the region, or it may be a combination of a range of other factors, such as lack of financial resources or internal capabilities. In section four, it was shown that the share of venture capital going to the North Jutland region is below average, and that the region has a below-average share of workers with a university degree. The latter may be particularly prevalent in the food and drink industry. Our survey results show that, generally, there is a smaller proportion of employees in the food and drinks sector with a higher (university) education. There is a significant (p = 0.01) difference between the share of firms in the food and drinks industry with no employees with a university degree (44 percent) and the share in other manufacturing (27 percent). Moreover, other parts of the survey show that North Jutland firms are significantly less likely to collaborate on innovation, but more likely to collaborate with partners outside the region. North Jutland firms also claim that their demands for consultancy and other types of advice go unsatisfied to a greater extent than firms in other parts of Denmark. Both these facts may be interpreted as supporting the lack of an adequate technological infrastructure and lack of innovative firms in the region with whom firms can develop new products.

In conclusion, the innovation system is dependent upon access to appropriate knowledge sources. Food and drinks firms in North Jutland have been shown to be innovative less often than similar firms in the rest of Denmark. These firms were not as active in R & D as food and drinks firms in the rest of Denmark, and while needing to be innovative, for some reason they were hindered in this. 


CONCLUSIONS

There are two interrelated strands in this chapter. First, it was recognized that the food and drinks industry is generally considered to be a low-tech industry, and indeed has low R & D intensities. Nevertheless, in most European and many other countries this industry has a persistently substantial share of the economy. Moreover, the level of innovation activities compares with that of the manufacturing sector as a whole, in spite of certain characteristics of food and drinks firms that may negatively affect the ranking of the industry in innovation surveys. The sectoral innovation system in Denmark was analyzed, and compensating factors were pointed to: the absolute level of R & D in the industry is actually high compared with most other manufacturing industries; the industry employs a number of different technologies; a number of knowledge infrastructural institutions have been established. Finally, the historical account of the development of the innovation system in the Danish food industry showed that the cooperative organization of the industry favored vertical integration, which in turn facilitated the rapid diffusion of technologies and extensive interaction, even coevolution, between primary producers and manufacturing firms within both the food industry and related industries.

Innovation activities are thus stimulated by vertical collaboration and proximity to primary producers. But an efficient innovation system has to be able not only to create knowledge, but also to be dependent on the systemic ability to learn—that is, the institutionalization of knowledge created through interaction between institutions and firms, and among firms. Such institutionalization, or knowledge infrastructure, may bring coherence to the innovation system. The second strand focused on an attempt to determine which of these two factors are the most important—proximity and interaction with primary production, or the knowledge infrastructure and coherence of the innovation system. Recognizing that a definitive answer is probably extremely difficult to achieve, a regional perspective helped us address this question. The North Jutland region is precisely characterized by close proximity to primary production, but it also has a poor knowledge infrastructure, both generally and in the food and drinks industry.  A high level of innovation activities in the food and drinks industry in the region would indicate that proximity to primary production is the most powerful driving force. Conversely, a low level may indicate that a knowledge infrastructure is indispensable.  

A survey of innovation activities, knowledge for innovation and innovation collaboration was carried out in spring 2004. All North Jutland manufacturing firms were contacted, together with a large proportion of firms in the rest of Denmark. Data from this source showed that North Jutland lags behind with respect to innovation in this industry (although not in other industries), and that firms apparently experience obstacles to innovation. This may be taken as an indication that the general trend toward the “globalizing learning economy” (Archibugi and Lundvall, 2001), while not making the food and drinks industry footloose, has perhaps changed the relative importance of proximity to primary production and the knowledge infrastructure.
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^1	 1. There has been a general debate on the “death of geography” between scholars who argue that globalization has wiped out national differences and those who claim that the regional and national spatial dimension is still important (see, e.g., Krugman [1991, 2001], and Morgan [1997, 2001]).
^2	 2. This structural change has been simultaneously pushed by technological innovations . One important innovation was the cream separator (a continuous centrifuge), which diffused rapidly throughout the Danish economy, contributing to making the dairy industry a modern process industry.
^3	 3. The surveys were harmonized with respect to sampling, data collection method (the use of telephone interviewing instead of postal questionnaires), definitions, target for the number of respondents, and a set of common questions. The latter included blocs of questions on type of collaboration partner, the reason for, and importance of, collaboration with the specific partner, duration and intensity of collaboration, mobility of labor during collaboration, and services related to product development. More details on the sample distribution, the response rate in the participating countries, and so on can be obtained from Christensen, Schibany, and Vinding (2001).
^4	 4. I would like to thank Svein Olav Nås and Finn Ørstavik (STEP Group, Oslo), Ester Basri (University of Western Sydney), Anker Lund Vinding (IKE, Aalborg University), Andreas Schibany (InterReg, Vienna), Luis Sanz-Menéndez (Institute for Social Advanced Studies, Madrid), and Clara Eugenia García (University Carlos III of Madrid) for collaboration on the data collection .
^5	 5. As the realized sample corresponds with the population there is no need to apply weights. 
^6	 6. Note that the difference is not statistically significant, so it would be equally correct to say that there is an equal share of innovative firms.
^7	 7. Alfranca, Rama, and von Tunzelmann (2004) argue that synergies between different types of technological capabilities are important parts of a knowledge system, conducive to a sectoral innovation system. While this may be an important and valid argument, their empirical analysis mainly applies to large (top 100) food and drinks firms, and large food firms, by international measures, are largely absent from North Jutland . 
